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Summary 
In the Netherlands standards for mathematics in primary teacher education are defined in a nationwide 
knowledge base. This study investigates the relation between student teachers’ subject matter 
knowledge, as measured by the knowledge base test, and the quality of mathematics instruction they 
deliver to their pupils. Six prospective teachers with different levels of mathematical abilities were 
observed in their mathematics instruction in primary school and were interviewed afterwards. Their 
mathematics instruction was analysed using a variant of the Mathematical Quality of Instruction 
instrument. Results show that prospective teachers with strong mathematical abilities tend to provide 
mathematics instruction of good quality. Yet, strong as well as weak mathematical ability may hinder 
teachers in their mathematics instruction. Student teachers with high mathematical ability show 
difficulty to descend to pupils’ levels, whereas teachers with weak mathematical ability show 
difficulty to interpret pupils’ strategies or errors.  
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Introduction 
In the Netherlands, the quality of teacher education institutes has been subject to public debate for 
quite some time. Teacher trainers emphasized the need for mathematics and didactics (Keijzer & Van 
Os, 2002); external experts expressed concerns about safeguarding the level of the programs at teacher 
education institutes (NVAO, 2004; KNAW, 2009). This has led to the development, introduction and 
testing of a mathematics knowledge base (Van Zanten, Barth, Faarts, Van Gool, & Keijzer, 2009). The 
content of this mathematical knowledge base is based on subject matter knowledge and pedagogical 
content knowledge (Ball, Thames, & Phelps, 2008). The introduction of the knowledge base is 
intended to increase teachers’ level (OCW, 2008). 
 Since 2013 there is a mandatory knowledge base test at national level in the third year of 
primary teacher education in the Netherlands. Only the subject matter knowledge is tested (HBO-raad, 
2012); the assessment of mathematical pedagogical content knowledge is left to the teacher education 
institutes. A majority of the students pass the mandatory test, but there are students who fail. Students 
who failed the test do not believe that their weak mathematical abilities will hinder them in delivering 
adequate mathematics education at primary school (Boersma & Keijzer, 2017).  
 The considerations for developing the knowledge base have been studied by Van Zanten 
(2010). Boersma (2015) and Keijzer & De Goeij (2014) investigated the consequences for study 
programs at teacher education institutes after introduction of the knowledge base. Teacher education 
institutes recognize the need to increase the level of subject matter knowledge to have their students 
pass the knowledge base test. Prospective teachers often feel uncertain about their mathematical skills, 
they prefer to focus on mathematical pedagogical content knowledge (Keijzer & Kool, 2012). 
 This study provides insight into the relationship between the mathematical ability of 
prospective teachers and the quality of their mathematics instruction. The question is whether 
differences in subject matter knowledge influence prospective teachers actions in the mathematics 
instruction. This leads to the following research question: How do prospective teachers with strong 
and weak mathematical abilities provide mathematics instruction? The sub-questions are:  
1. What characterizes prospective teachers’ subject matter knowledge for those with strong 
and weak mathematical abilities? 
2. What characterizes prospective teachers’ pedagogical content knowledge for those with 
strong and weak mathematical abilities? 
 
Background 
Professional knowledge for teaching, also referred as content knowledge, includes knowledge of the 
subject and the way this knowledge is organized (Ball et al., 2008; Shulman, 1986). Within this 
content knowledge Shulman distinguishes, among other things, subject matter knowledge and 
pedagogical content knowledge. Ball et al. (2008) further broadened these two domains of knowledge 
using the mathematical knowledge for teaching (MKT) model (figure 1).  
   
 
Figure 1. Mathematical knowledge for teaching model (Ball et al., 2008, p. 403). 
Subject matter knowledge, means mathematical knowledge of the teacher (Ball et al., 2008). 
Within this domain, common content knowledge is about solving mathematical problems. Teachers 
need to know the subject matter they teach, but they should also be able to recognize wrong answers. 
Specialized content knowledge is the mathematical knowledge and skills unique to teaching. It requires 
recognizing different interpretations or mathematical operations that pupils have or use.  
 Pedagogical content knowledge is unique knowledge of students’ mathematical ideas and 
thinking (Hill, Ball, & Schilling, 2008). This knowledge is about useful ways of representing and 
formulating to make a subject comprehensible to pupils. The domain knowledge of content and 
students is knowledge that combines knowing about students and knowing about mathematics. 
Teachers must anticipate the reasoning of their students and what may confuse them. The domain 
knowledge of content and teaching combines knowing about teaching and knowing about 
mathematics. Teachers must choose which examples to start with and which examples to use to take 
students deeper into the content.  
The dashed line between subject matter knowledge and pedagogical content knowledge means 
that just knowing a subject well may not be sufficient for teaching (Ball et al., 2008). A teacher might 
have strong knowledge of the content itself but weak knowledge of the way students learn the content, 
or vice versa (Hill et al., 2008). The authors of the mathematics knowledge base in the Netherlands 
defend an integral approach to subject matter knowledge and pedagogical content knowledge (Van 
Zanten et al., 2009). 
Various researchers studied the impact of MKT. A study at multiple schools in Texas indicates 
no clear relationship between MKT and student achievements (Shechtman, Roschelle, Haertel, & 
Knudsen, 2010). Hill et al. (2008) find a significant, and positive association between levels of MKT 
and the mathematical quality of instruction. There is a strong relation between what a teacher knows, 
how she knows it, and what she can do in the context of instruction. There are also factors that mediate 
this relationship, for example teacher’s beliefs on learning mathematics or attractiveness of the lesson. 
Swars, Hart, Smith, Smith and Tolar (2007) find a positive relation between specialized content 
knowledge and teachers’ pedagogical beliefs.  
To measure the quality of instruction, Hill et al. (2008) designed the Mathematical Quality of 
Instruction (MQI) instrument. This instrument expresses interactions between teacher, student and 
content (Cohen, Raudenbush, & Ball, 2003) during mathematical instruction. The MKT model lays 
the foundation for the MQI instrument in which the teacher-content interaction is associated with 
subject matter knowledge and the teacher-student interaction with pedagogical content knowledge 
(figure 2). 
Within the teacher-content interaction, the dimension richness of the mathematics captures the 
depth of the mathematics offered to students. There are two categories in this dimension; focus on 
meaning of facts and procedures and focus on key mathematical practices. The dimension errors and 
imprecision is about errors and imprecision in language and notation, or the lack of clarity/precision in 
the teacher’s presentation of the content. Working with students and mathematics captures whether 
teachers can understand and respond to students’ mathematical contributions or mathematical errors. 
Association between MKT and MQI seems most likely for errors, while richness of the mathematics 
seems to be more influenced by mediating variables (Hill et al., 2008).  
 
Method 
To explore the relation between teachers’ knowledge and their teaching we used a multiple case study. 
According to Yin (2009) this is an appropriate methodological design in a setting, such as instruction, 
where there is little or no control over many factors. Instructions of six prospective teachers with high 
and low mathematical abilities were explored in depth in this study.  
The subjects in this study were third-year students at the Christelijke Hogeschool Ede, a 
teacher education institute in the Netherlands. The six students had their first knowledge base test in 
October 2016. The result of this test is expressed as a mark on a scale of 1 to 10. Students with a score 
8 or above in this research are considered as high performers, students with a score 5 or below as low 
performers. Three students scored a mark 8, and three students scored a mark 4. All students did an 
internship in grade 6 or 7 (10-11 year) and worked with the same mathematics teaching method.  
The students were asked to give a mathematics instruction for about 15 to 20 minutes like they 
normally did during their internship at a primary school. The subject of the instruction they could 
choose themselves, e.g. a self-chosen subject or a textbook lesson. Each student was observed three 
 
Figure 2. Instructional dimensions measured by MQI (National Center for Teacher Effectiveness, 
2009).  
 
times when they delivered their instruction , followed by a focus interview between researcher and 
student. In the interview students explained and motivated the choices they made in their instructions.  
The scripts of the observations and the interviews were coded using the ‘observation-
instrument mathematical instruction’, table 1. This observation-instrument is a variant of the original 
MQI instrument, with no use of the underlying 4-point scale. This research is not about the level a 
student scores, it’s about what a student does, why he does it and in which manner. The observation-
instrument was discussed with researchers who participate in the ELWIeR research group1, a group of 
teacher trainers of various universities of applied sciences in the Netherlands. 
 
Table 1. Observation-instrument mathematical instruction 
Dimension richness of the mathematics Code 
Relationships between different mathematical representations are visually displayed and 
explicitly pointed out.  
r1 
Mathematical explanations on why a solution method or answer is true/false or why a 
procedure works. 
r2 
Multiple solution methods or procedures are presented or discussed.  r3 
Develops or works on patterns, generalizations or definitions, based on at least two examples. r4 
Fluent use of mathematical language and supports students’ use of mathematical language.  r5 
  
Dimension errors and imprecision  
Mathematically incorrect events. Solving problems or defining terms incorrectly, forgetting a 
key condition in a definition, equating two non-identical mathematical terms. 
f1 
Problematic use of mathematical language or notation; errors in notation, in mathematical 
language or in general language. 
f2 
Lack of clarity in mathematics teacher’s utterances. f3 
  
Dimension working with students and mathematics  
Instances of remediation in which student misconceptions and difficulties with the content are 
addressed. 
w1 
Use of student mathematical contributions to move instruction forward. Contributions can 
include student answers, comments, mathematical ideas, explanations, representations, 
generalizations, questions to the teacher and student work. 
w2 
 
                                                          
1 https://elwier.nl/2017/04/10/elwier-onderzoeksgroep/ 
The scripts were coded by the first author. To increase reliability, for each student one 
instruction was also scored by an ELWIeR researcher who also watched the ensuing interview. 
Subsequently, coding was discussed by both observers in order to improve coherence. The first student 
case was used as a pilot. 
 
Results 
Overview 
This section provides the key findings from the observed instructions and the interviews with six 
students. The dimensions richness of the mathematics and errors and imprecision characterize the 
subject matter knowledge of prospective teachers (sub-question 1). The dimension working with 
students and mathematics characterizes the pedagogical content knowledge of this students (sub-
question 2). The observation-instrument codes as defined in table 1 are given in parentheses. High 
performers are marked with a (H), low performers with a (L). Student and pupil names are fictitious.  
 
General 
Low performing prospective teachers use the textbook manual for their instruction, which was not 
observed with high performers. In addition, low performers share their own difficulties with the 
subject matter with pupils. Typical words they use are ‘difficult’ or ‘hard’. In her instruction on the 
metric system Esther (L) says to the pupils: ‘That’s a complicated story I can tell you, since I also 
have questions about this topic of which I think, oh no….’ During the interview, Roos (L) says about 
exercises in a given context : ‘That’s a rather tough topic, some pupils are not good at that, which 
makes it very difficult.’ From the interviews it appears that all prospective teachers provide an 
instruction adapted to the average pupil.  
 
Dimension Richness of the mathematics 
Lineke (H) and Nienke (H) connect different representations in their instructions, such as concrete 
materials, models and formal level (r1). Lineke teaches fractions and lets pupils discover fractions 
using a strip. Two pupils may describe how to divide the strip into 24 equal pieces. In addition, Lineke 
shows on the blackboard how 1, 1
2
 and 1
4
 relate to each other by moving rectangles of different sizes on 
top of each other. Nienke teaches spatial figures by letting students searching examples in their 
classroom. Nienke explains why pouch and toilet roll are good examples.  
 In another instruction, Nienke (H) shows that she argues at mental level, without making the 
issue concrete for pupils (r1). ‘If you roll that rectangle you get a cylinder, try to imagine it.’ In the 
interview she explains: ‘I can imagine what rolling a sheet looks like, but you have to be aware to go 
back to the level of those children.’ It seems her mathematical ability got in her way to descend to 
pupils’ level.  
 In the lessons of Peter (L) and Roos (L) the use of concrete materials, measuring glasses and 
money, seems not to be very well-thought (r1). Roos: ‘I thought I need to have some materials 
because of your visit, but during class I forgot that part a bit, and then it did not make much sense 
anymore.’ Peter: ‘I took some measuring glasses that I had once seen on the attic, but when I looked at 
those cups, I had to think about how to use them because they are not standard sizes.’ On the other 
hand, these low performing prospective teachers also show they can use models, for example a strip 
for percentages, in the right way. 
 Teachers’ subject matter knowledge also becomes visible when he or she can interpret how a 
pupil thought about a given answer or strategy (r2,r3). Aron (H) shows that he can do this, but also 
ignores a smart learner’s strategy. In his class, he discusses a multiple choice question about the 
product 76 x 6. There are four possible answers, one of them ends at a six. A pupil says ‘6 x 6 is 36, so 
it could be more than the 3, but it ends at a 6, so you can already know the answer.’ Aron does not 
respond to this, but instead explains the task as he had prepared. In the interview Aron says, ‘If I think 
about it now, I know exactly what he means, but not at that moment, I did not notice. I think I was 
more thinking about the step 70 x 6, which I wanted to make clear to everyone.’ Aron seems too much 
tied to his prepared instruction, leaving no room for a pupil’s strategy. At another point, Aron shows 
that he can interpret how a pupil thought. ‘Look, Victor says I divide by 10 twice. If you prefer, that’s 
possible. Esmée says it can be done a little faster, she just divides by 100 at once.’  
 During a lesson of Esther (L) it occurs several times that she has difficulty in interpreting a 
pupil’s explanation (r2,r3). When a pupil proposes a good strategy, Esther says: ‘It may be clear to 
you, but I do not get it completely.’ At another moment she sees in the manual that a pupil’s answer is 
incorrect, but she cannot trace the pupil’s wrong line of thinking: ‘ I’m also doubting, because the 
manual states 40. Karin, can you explain why 40 is right?’ Esther needs help from another pupil to get 
the correct answer. In the interview Esther says about this fragment: ‘I think I just found this situation 
very difficult. In such situations I start doubting, then I think is it right or wrong? You want to serve as 
a role model, so you want to show that you understand, but I’m just making it even more confusing for 
them. I do not consider it as a failure, children may see that teachers also make mistakes.’ 
 Low performing prospective teachers also show examples where they correctly interpret 
pupil’s reasoning. In a lesson from Roos (L) the sum 98 + 99 + 96 is discussed. A pupil says: ’98 will 
be 100 and 99 too, and then you need to subtract 3 of 96.’Roos: ‘Ah, he realised that 98 and 99 
together are 3 short of [two time] hundred, and then he subtracted them from 96.’  
To summarize, within the dimension richness of the mathematics, students show examples that 
can be explained by strong or weak mathematical ability, but this relation does not always hold.  
 Dimension Errors and imprecision 
In his instructions, Aron (H) makes one-time errors such as turning numbers, 67 x 6 instead of 76 x 6, 
and MB he calls microbyte instead of megabyte (f1). When Aron discusses a task in which the 
students have to subtract, his explanation is wrong and his use of the blackboard is unclear (f3). By 
subtracting the tens, Aron says ‘Five minus zero is not possible’, he means zero minus five is not 
possible (figure 3). This error he repeats several times. After changing he puts a dash trough the tens 
he received at the changing and writes a five above. This is not necessary and makes it unclear for 
pupils. In the interview Aron says: ‘I did not notice that I switched, when I watched the video.’ 
 In the lesson of Esther (L) it occurs that she does not notice or correct errors (f1). On the 
blackboard is 5:10=1.00 and 4:100=0.25. For the first division, Esther writes an incorrect answer, for 
the second division she writes what a pupil says. She comments: ‘There I go again, I just miss the step 
in which he makes a mistake, I do not recognize it.’ 
 Nienke (H) and Roos (L) demonstrate a similar substantive error, they use the word number 
where digit is meant (f1): ‘Sometimes there are no three numbers behind the decimal point.’ Also, 
both of the prospective teachers speak about ‘sticking’ of zeros, which is a meaningless trick with 
zeros (f3). Roos expresses the conversion of meter to centimetre as follows: ‘Two steps, the two zeros 
must be added, just add two zeros and then it’s all right.’ A pupil asks later: ‘Can you also remove two 
zeros when dealing with 200 meters?’ Roos: ‘Why would you do that, then it’s not correct, it becomes 
2 meters.’  
 Lineke (H) is inaccurate in using two different time notations (f2). ‘Anja goes to the shop a 
quarter to 9 and returns at 21.15. How long has she been away?’ Peter (L) is sometimes inaccurate in 
his wording: ‘I bought a whole cake and there are four people. I give each one a piece. That’s a lot, 
with four people all one piece.’ 
 
Figure 3. Elaboration of a task in Aron’s lesson 
 These examples show that both groups of students, high and low performers, make mistakes in 
their instruction. There are also ambiguities and inaccuracies in both groups. A clear relationship 
between mathematical abilities and action does not appear in this dimension. 
 
Dimension Working with students and mathematics 
In one of Nienke’s (H) lessons, pupils can review their errors (w1). Nienke does not give examples of 
the common errors she noticed. In the interview, she is sometimes amazed about pupils’ mistakes. 
‘Then you really get that 2.5 all of a sudden becomes 1, I thought how do you come up with that.’ 
Lineke (H) sometimes finds it difficult to respond to student mistakes (w1). Her reaction to a pupil 
who accidentally came to 24 when folding the stripe: ‘Maybe, I could have asked, how did you 
actually fold that? I did not.’ Peter (L) walks around in the classroom with the manual in his hand. If 
he sees from the manual that a pupil’s answer is wrong, he asks that pupil to look at the task again. In 
the interview he tells: ‘I have never taken much effort to automate things myself, such as the eight-
times table, so I’m looking for some safety when pupils make tasks.’ Peter gives two after-the-test 
lessons. About these lessons he says: ‘No, I can be honest about it, I did not look what pupils failed at 
in the test, I could have prepared it better. Maybe, I thought a bit too easy about it.’  
 Lineke (H) instructs her pupils to draw a bar chart about class. With this example, she 
intertwines pupils’ work in her instruction (w2). During the instruction, she says: ‘I inspected your 
sheets, and then Reinier said, look miss, I’ve made something different.’ Lineke then discusses the 
meaning of a legend. In her interview, she says: ‘What I have prepared is leading, what pupils 
contribute I include in my lesson.’ In Nienke’s (H) lesson there is also room for input from pupils, but 
it is not always adequately addressed (w2). When a pupil comes with a mnemonic for remembering 
the metric system, Nienke says: ‘That’s a good one, you have a sheet where it is on.’ She does not 
explain this rule. Another example is the exercise €9.95 x 3. This is solved by a pupil using a handy 
strategy, but this is not the strategy Nienke has in mind: ‘That’s possible, if you were ciphering, 
because that is actually what we are doing now.’ She does not indicate that this exercise is not a very 
good example of ciphering, although the pupil’s solution was quite well. In the interview Nienke says: 
‘No, I did not expect this solution, because I was referring to multiply by ciphering. I think, in my 
preparation, I have to think more of what children themselves come up with, in terms of questions and 
solutions.’ In the lesson of Roos (L) a pupil suggests to read the number of days of the different 
months on the knuckles of your hands. Roos does not elaborate on this. In the interview she says she 
cannot remember that this was said, but she knows how this principle works. The intertwining of 
pupil’s work in the instruction has not been observed with low performers. 
 The scores on this dimension show that students with strong mathematical abilities have a 
keen eye for pupil work and interweave it with their instruction. He or she also uses, in contrast to 
students with weak mathematical abilities, the mistakes pupils make to adapt their instruction. 
Unfortunately, the way they actually do it, is not always adequate. 
 
Conclusions 
The central research question in this study is how prospective teachers with strong and weak 
mathematical abilities provide mathematics instruction. The conclusion is that there are differences 
between both groups, strong performers are not troubled by the mathematical content leaving more 
space for dealing with pupils’ input while low performers have trouble instantly interpreting pupils’ 
reasoning due to their weak mathematical abilities. Because there are also differences within groups, 
conclusions are not generally valid for low or high performers, but better suited to an individual 
prospective teacher. Figure 4 summarizes the conclusions.  
Within the dimension Richness of the mathematics, it seems that subject matter knowledge is 
important (bold and thin arrow). Prospective teachers with strong mathematical abilities can provide 
rich lessons. They make connections between different representations and interpret pupils’ 
explanations correctly. Richness is sometimes absent with weak performers. They get stuck with 
pupil’s explanations or try to connect between representations, but have not properly thought through 
the use of materials. Prospective teachers with weak mathematical abilities attribute this to insufficient 
preparation. The actual cause seems to be a shortage of specialized content knowledge (Ball et al., 
2008). However, there is no unambiguous causal link between subject matter knowledge and quality 
of instruction, because differences in mathematical ability do not always matter. Prospective teachers 
 
Figure 4. Graphical view conclusions. Thick line symbolizes that mathematical ability 
contributes convincingly. 
with weak mathematical abilities sometimes interpret pupils’ contributions correctly while high 
performers sometimes ignore smart strategies of pupils. Mathematical ability sometimes even seems to 
prevent prospective teachers from descending to a pupil’s level. Pupil’s thinking processes or 
questions are insufficiently thought through or lead to amazement. Here too, insufficient preparation is 
given as an argument. 
 Both groups of prospective teachers make substantive errors during their instructions and in 
both groups there are inaccuracies or ambiguities (thin arrows). The strong correlation between subject 
matter knowledge and quality of instruction, found by Hill et al. (2008) does not appear here. It is also 
not found that high performers recognize their own wrong answers as suggested by Ball et al. (2008).  
 The national knowledge base test does not measure pedagogical content knowledge, but 
differences in mathematical abilities do seem to have an effect on this (bold and thin arrow). High 
performers use pupils’ input and errors in their instruction, which are examples of pedagogical content 
knowledge (Hill et al., 2008). This does not happen with low performers. For their instruction they 
depend on the teacher’s textbook manual. Finally, low performers share their own difficulty with 
mathematics with their pupils. The reason for them to discuss their own difficulties does not seem to 
be pedagogical (Swars et al., 2007), but empathetic. Pupils are allowed to know that a prospective 
teacher also makes mistakes. 
 
Discussion 
This research provides detailed descriptions of what a prospective teacher knows, what he does in 
class and why he does it that way. Based on this study recommendations for teacher education 
institutes are given. Because of different mathematical abilities, prospective teachers need a different 
approach in teacher education. High performing prospective teachers can be challenged to discuss 
smart strategies, prospective teachers with weak mathematical abilities need more time and attention 
in teacher education. Another recommendation is to also test pedagogical content knowledge on a 
national level. Currently it seems that subject matter knowledge is more important because of the 
knowledge base test. A national test for both domains will strengthen the mathematics knowledge base 
as an integral approach for both domains (Van Zanten et al., 2009).  
These results also raise additional questions. Both a high and a low performer blame choices 
made during instruction to insufficient preparation. Perhaps the distance between the student’s subject 
matter knowledge and pupil’s learning is the underlying cause. In addition, it has not been found that 
students with strong mathematical abilities make less errors in their instruction than students with 
weak mathematical abilities. Possibly lack of experience plays a role here but this would require 
further research. 
 This research does not provide a direct answer to questions about developments in quality of 
education due to the introduction of the knowledge base and whether the knowledge base increases 
teachers’ level (OCW, 2008). There are no baseline measurements available before the introduction of 
the knowledge base. Moreover, the number of cases examined is small. The students in this study 
enjoyed education at the same university of applied sciences and could be influenced by the presence 
of the researcher. In order to get a more general picture, it is advisable to widen the scope of this study 
to a larger group of respondents from various universities of applied sciences.  
During the discussion with both observers about each student case, it appeared that the 
observation-instrument did not provide enough information for unambiguous coding. The original 
MQI instrument, with extensive descriptions might provide for that better (NCTE, 2009).  
The students in this research were motivated to participate. Doubt about own mathematical 
abilities did not prevent them from participation. One student expressed this to his pupils: ‘I can learn 
a lot myself from these film recordings.’ In order to continuously increase quality, this is a good 
principle for students, but also for teachers trainers and for teachers in primary education. Intensive 
cooperation between teacher training institutes and primary education can contribute to this.  
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